Objective. In 1995, the first hepatitis A vaccines became available for use. At that time, Arizona had the highest hepatitis A incidence of all 50 states. During that same time period, the Arizona State Immunization Information System (ASIIS) was created to collect information on all immunizations given in the state. Four state-level hepatitis A vaccination policies were enacted according to Centers for Disease Control and Prevention recommendations and local initiatives from 1996 to 2005. Our primary objective was to assess the impact of these policies on vaccine uptake in children.
Hepatitis A is a viral agent transmitted through the fecal-oral route and primarily through close personal contact. Infection is often asymptomatic in children, with the majority of adults manifesting acute illness characterized by nausea, malaise, abdominal pain, and jaundice. Rarely, infected individuals can develop fulminant hepatic disease. 1 From 1987 to 1997, the average incidence of hepatitis A in the United States was 10.8 per 100,000 population. By comparison, the average incidence in Arizona during the same 10-year period was 48.0 per 100,000 population, more than four times higher that the U.S. average and, notably, the state with the highest rate in the country. 2 The role of children in the spread of hepatitis A has been well documented since the mid-1970s. Because pediatric hepatitis A infections are primarily asymptomatic, the virus can be transmitted before it is recognized. In the general population, children have been cited as the source and primary transmitters of hepatitis A during community-wide outbreaks. 3 In particular, child care settings have been widely implicated in increasing the risk of hepatitis A being spread among both child care attendees and the general population. Numerous outbreaks have occurred that were linked to child care facilities. [4] [5] [6] [7] [8] Targeting young children for control is considered an effective strategy to reduce overall rates of hepatitis A. 3, 6, 9, 10 The most effective control measure-vaccinationbecame possible when two vaccines for hepatitis A became available for use in the U.S. in the mid-1990s. The first vaccine was introduced in 1995 (Havrix ® from GlaxoSmithKline, Middlesex, United Kingdom) and the second in 1996 (VAQTA ® from Merck & Co., Inc., Whitehouse Station, New Jersey). Following licensure, the Centers for Disease Control and Prevention (CDC) issued recommendations amounting to an incremental immunization strategy, first targeting people at highest risk of infection and complications of infection, which included American Indian/Alaska Native children aged 2 years and older. 11 In 1999, the policies were expanded to children older than 2 years of age who lived in states and counties with rates higher than the national average. 2, 12 Most recently, in 2005, the U.S. Food and Drug Administration lowered the youngest approved age of vaccination with hepatitis A vaccine from 24 months to 12 months of age. Current recommendations for vaccination target all children aged 12-23 months in all states, incorporating it into the recommended childhood vaccination schedule. 13 As the state with the highest incidence of hepatitis A, Arizona was at the forefront of introducing policies to encourage vaccination for children residing in the state. Policies and changes were implemented over a span of 10 years ( Figure 1 ) and mirrored the CDC recommendations. Arizona's Native American population constitutes approximately 5% of the state's population and is the third largest among the 50 states. Following the 1996 policy recommendations, the Indian Health Service (IHS) instituted a policy to vaccinate all Native American children aged 2-12 years. 11 In 1998, a statelevel rule made hepatitis A vaccination a child care entry requirement in Maricopa County, the largest metropolitan county in the state and fourth largest in the country. 14, 15 This requirement came in the wake of an outbreak of hepatitis A in Phoenix, which began in 1996 and peaked in 1998. Child care facilities were implicated as being key sites for transmission during that outbreak. 14 No other county in the state implemented this policy. This policy preceded the statewide recommendation in 1999 to vaccinate all children aged 24 months and older, which followed the general CDC recommendations.
During the same time period, the Arizona State Immunization Information System (ASIIS) was introduced. As mandated by Arizona Revised Statute 36-135 16 in January 1998, providers were required to report all immunizations administered to children aged ,18 years to ASIIS. The system is populated with state birth records and includes reporting of historical vaccinations (those not administered during the current visit). 17 Included are all vaccination records on file with IHS. The ability of this system to track immunization coverage and analyze the impact of policy on vaccine uptake has not been well documented.
The goals of our analyses were threefold: (1) to examine ASIIS records from 1995 to 2008 to determine if hepatitis A vaccine coverage, as measured by the immunization records in ASIIS, reflects changes in vaccine policy; (2) to determine if differential policies across the state resulted in disparate vaccine coverage in counties with high proportions of Native Americans (i.e., Apache and Navajo counties), Maricopa County, and the other 12 Arizona counties; and (3) to determine if ASIIS data can be used to detect the impact of lowering the immunization age to 12 months.
METHODS

Data sources
Individual records for hepatitis A vaccinations administered from 1995 to 2008 were extracted from ASIIS. Hepatitis A vaccinations include both pediatric and adult formulations and either two-dose or three-dose schedules. Records for each immunization are reported as a single record. Data were converted to create one record for each individual ASIIS identity recorded in the system. Patient-level variables created included year of first immunization with hepatitis A, age at first hepatitis A immunization, and immunization status for each year from 1995 to 2008. County of residence was identified by using the SAS ® ZIP code data file, 18 which matched all records with a valid ZIP code to a county.
Exclusion criteria
Records were excluded if (1) they did not have a valid ZIP code, (2) the ZIP code was for outside of Arizona, (3) the birth date of the individual was not reported, or (4) the vaccination date was recorded as prior to 1995.
Analyses
Proportions of the population vaccinated were calculated for each of the years from 1995 to 2008 for the following age groups: 12-23 months, 24-59 months, 5-9 years, 10-14 years, and 15-19 years. The numerators for the calculations were the total number of people in each age group with at least one reported hepatitis A vaccination. The denominators were the total number of people by county and age as estimated for each year by the Arizona Department of Health Services (ADHS) Bureau of Public Health Statistics. These data are estimates of population denominators projected from the 2000 U.S. Census data. 19 To calculate the denominator age categories of 12-23 months and 24-59 months, which were not available through ADHS, we used the previous year's ,12 months category as the 12-23 months estimate and subtracted it from the 12-59 months age category available through ADHS. Data collected in the 2000 U.S. Census were reported by single years, allowing us to validate this method for at least one year. The 1999 population numbers for children aged ,1 year (77,506) compared with those that were counted as aged 1-2 years in 2000 (77,174) indicated that the percent difference was only 0.4%. When looking at the smaller subpopulations, Apache County and Navajo County, our estimator had more error. The population of children aged 1-2 years, using our estimator of children aged ,1 year from the previous year, was estimated to be 2,878, while the 2000 U.S. Census estimated 3,016, a difference of 24.5%. Maricopa County's estimate had less error: our method estimated 49,020 and the 2000 U.S. Census indicated 48,995, a difference of 0.05%.
We calculated 95% confidence intervals (CIs) for vaccination coverage (proportion vaccinated) using standard protocols for binomial distributions. 20 Counties were grouped into regions to compare those counties with a high proportion of Native Americans with other areas to examine how different changes in policy affected vaccination coverage for different groups. As the counties with the highest proportion of Native Americans, Apache County (47.6%) and Navajo County (76.9%) were chosen to represent the impact of CDC recommendations targeting Native American populations. Maricopa County was analyzed as a separate region because of its child care entry policy. The other 12 counties were grouped into one category, as they had no recorded policies that were different from statewide vaccination policies during the time periods examined and had a maximum Native American population of 28.5% in the 2000 U.S. Census.
We calculated the magnitude of change between the year prior to the policy/licensing change and the year the policy/licensing change was implemented for each region, as well as between age groups to compare the impact of policy changes on the proportion of children receiving vaccination in the different regions. We calculated 95% CIs for percent change using the widest intervals from the vaccine coverage calculated between the two years. In other words, the difference in coverage between the lowest bound CI for vaccine coverage in year 1 and the highest bound CI for year 2 were used to calculate the upper bound for percent change. The highest bound for coverage in year 1 and the lowest bound for coverage in year 2 were used to calculate the lower bound for percent change.
Logistic regression models
Logistic regression models were created to examine the difference in vaccine uptake among study areas (Maricopa County, Apache and Navajo counties, and the remaining 12 Arizona counties) as modified by preand post-policy time periods. We examined models for three age groups: 12-23 months, 24-59 months, and 5-19 years. Uptake was compared among geographic regions for 12-to 23-month-olds in two time points: before licensing in 2005 and after licensing. Three time points were modeled for regional differences in 24-to 59-month-olds: 1995-1997, 1998-1999, and 2000-2008. Finally, three time points were modeled for regional differences in those aged 5 years and older: 1995-1997, 1998-1999, and 2000-2008 .
RESULTS
After excluding individuals with records that did not have birthdates, valid ZIP codes, or residence in Arizona, we identified 1,215,178 records with reported hepatitis A vaccinations ( Figure 2 ). This number constituted 97.5% of all individuals with at least one reported hepatitis A vaccination in their record. In people aged ,19 years who were eligible for immunization, immunization rates in Arizona rose from a reported 22 per 100,000 population in 1995 to 62,183 per 100,000 population in 2008. By region, rates rose in Apache and Navajo counties from 33 per 100,000 population in 1995 to 77,708 per 100,000 population in 2008. Maricopa County had lower reported coverage, with a change from 18 per 100,000 population in 1995 to 57,776 per 100,000 population in 2008. The other 12 counties lagged further behind with reported rates ranging from 11 per 100,000 population in 1995 to 48,431 per 100,000 population in 2008.
Changes that coincided with the four major policy recommendations reviewed are presented in Figure 3 . The first policy to be implemented in 1995 by IHS was vaccination of all children aged 2-12 years, which coincided with a 117.6-fold (95% CI 77.0, 227.8) increase in vaccination coverage for children aged 2-10 years in Navajo and Apache counties from 1995 to 1996, a 6.3-fold (95% CI 4.7, 8.9) increase in Maricopa County, and a 38.0-fold (95% CI 28.3, 55.2) increase in the rest of the state. Not surprisingly, Maricopa County had the greatest increase from 1997 to 1998, which coincided with the second policy implementation of the child care entry requirement for hepatitis A vaccination in Maricopa County. Maricopa County's rates of vaccination among children aged 2-5 years increased 23.5-fold (95% CI 21.4, 25.8); in Navajo and Apache counties, the increase was 1.3-fold (95% CI 1.2, 1.3); and in the other 12 counties, the increase was 1.7-fold (95% CI 1.6, 1.9).
In 1999, the third policy change, a CDC recom- Vaccination coverage in Apache and Navajo counties was distinctly higher for children aged 24-59 months and 5-9 years from 1996 to 2001, after which Maricopa County coverage surpassed that of Apache and Navajo counties. In children aged 10-14 years, higher coverage was achieved in Apache and Navajo counties from 1999 to 2008. The higher coverage in Apache and Navajo counties was maintained in children aged 15-19 years through 2008 (Figure 4) . These counties had a higher proportion of Native Americans, who were part of the targeted population groups in the initial CDC recommendations for vaccination.
Logistic regression models identified similar patterns (Table) . Compared with children in the rest of the state, children aged 24-59 months were less likely to be vaccinated prior to the 1998 policy in Maricopa County, but 11 times as likely to be vaccinated in Apache and Navajo counties. However, after the policy implementation in 1998, children in this age group were 4.6 times as likely to be vaccinated in Maricopa County when compared with the rest of the state, and the higher likelihood of vaccination in Apache and Navajo counties was also maintained. This effect diminished after 1999, when vaccine was made widely available to the entire state of Arizona; however, a significant difference remained, with children aged 24-59 months being 1.7 times as likely to be vaccinated in Maricopa, Apache, and Navajo counties compared with the rest of the state. Not surprisingly, older groups had higher odds of being vaccinated in Navajo and Apache counties. This gap narrowed over the years as vaccinated cohorts aged, but remained significant through the study period for the oldest age groups. Children aged 12-23 months had a greater likelihood of vaccination in Maricopa County than in other counties after the vaccine was licensed for children aged .12 months. While the effect was small, children in Navajo and Apache counties had a 
FDA lowers limits on age of hepatitis A vaccination to 12 months, and hepatitis A is incorporated into the vaccine schedule (coverage for 12-to 23-month-olds) b
CDC recommendation that all states and counties with higher than national average incidence target children older than 2 years of age (coverage for 2-to 10-year-olds) b
Region
Immunization rate per 100,000
Region Region lower chance of being vaccinated in this age group as compared with the rest of the state.
DISCUSSION
Hepatitis A vaccination coverage, as calculated from ASIIS reports at ADHS, was shown to vary both over time and by region. Policy changes and recommendations made an apparent impact on the uptake of vaccinations, as increases in reported vaccination coverage coincided with changes in hepatitis A vaccine policy from 1995 to 2008.
The counties with the highest percentage of Native Americans, Apache and Navajo counties, had clearly higher vaccination coverage in all age categories from 1995 to 2001 and maintained higher coverage in children older than 9 years of age until the end of the study period. The high coverage in the earlier years directly followed the 1995 recommendation to target high-incidence communities. The policy targeted all children aged 2-12 years, and vaccination coverage was higher across all age groups as compared with the other regions until 2001, when Maricopa County reported equivalent coverage in children aged 23 months to 9 years. In the early 1990s, the hepatitis A rate in Native Americans was roughly five times that of the general U.S. population, 21 with transmission marked by cyclical outbreaks. 22 The results in Arizona and in previous research have indicated that targeting Native Americans has significantly increased vaccination rates Az 5 Arizona in these groups. 21, 23 As a result, the disparity in hepatitis A infection was eliminated by the late 1990s. 21 Among the general population in Arizona, requiring hepatitis A for child care entry appeared to be effective. The proportion of vaccinated children aged 24-59 months in Maricopa County was clearly higher and preceded the rise seen in the other 12 counties by two years. After statewide vaccination recommendations for children aged $2 years were enacted in 1999, the gap between Maricopa County and counties other than Apache and Navajo counties diminished but remained at least 20% higher until 2006. Stricter statewide immunization policies and recommendations for hepatitis A vaccination have been associated with higher coverage in other assessments. A study of 2003 immunization levels indicated that coverage for children aged 24-35 months in states where routine hepatitis A vaccinations are recommended was at 50%, two times higher than in states with suggested vaccination and 38 times higher than in states without a recommendation. 23 By comparison, in Maricopa County in 2003, rate of coverage for children aged 24-59 months was greater than 65%. Although the age group is wider, the coverage is probably representative of that in the 24-35 months group as well, further supporting the hypothesis that child care entry requirements had a positive impact on vaccination coverage.
The impact on transmission also appears to have shifted the risk groups away from child care. A case-control study in Maricopa County following the 1996-1998 hepatitis A outbreak demonstrated that case subjects were three times as likely to have attended child care or worked within a child care facility than control subjects. 14 A similar case-control study was carried out during a community-wide hepatitis A outbreak in 1999-2000 in Maricopa County. During the follow-up study, no association was found between child care attendance or contact and hepatitis A, presumably because of the high rate of vaccination among child care attendees. 15 Using established infrastructure, such as school and child care attendance, to improve immunization coverage has a long history. 24, 25 Research has indicated that school entry requirements work well for achieving high rates of vaccination, [25] [26] [27] [28] [29] [30] though school entry requirements may not effectively prevent transmission in the youngest children at risk for vaccine-preventable diseases who may be younger than school-age. Child care entry requirements can be used to target those aged ,5 years. Child care entry requirements have been associated with higher hepatitis A vaccination coverage in Texas and Alaska 23 and have also been shown to increase coverage of varicella vaccination. 26, 31 Other factors need to be considered that lead to improved The three regions were grouped as follows: Apache and Navajo counties, Maricopa County, and the remaining 12 Arizona counties. b Logistic regression models compared the uptake of vaccination in Maricopa County and Apache and Navajo counties with the rest of the Arizona counties for three age groups. Each model uses the rest of the Arizona counties as the indicator variable (OR51.00). c p,0.0001 for all OR 5 odds ratio CI 5 confidence interval LLR 5 log-likelihood ratio df 5 degree of freedom immunization rates, however, as children enrolled in child care in some settings are still not up to date on immunizations, even when they are required. 32 A portion of the population that does not use child care also has not been reached. The results from this analysis of Arizona data indicate that, indeed, at least one-fifth of children are still not being immunized for hepatitis A.
Perhaps the most notable change was the dramatic rise in vaccine coverage among children aged 12-23 months after the vaccine was licensed for those aged $12 months. The percent change in coverage of children aged 12-23 months was high and fairly consistent across all regions. Convenience of vaccination has been associated with coverage for multiple vaccines and populations. [33] [34] [35] [36] [37] [38] Incorporation of hepatitis A vaccine into the childhood immunization schedule allows parents to obtain hepatitis A vaccination during a routine doctor's visit. Our analysis showed significantly higher uptake in Maricopa County, which may coincide with the child care entry requirement. Unlike in the other age groups, Apache and Navajo counties had a lower proportion of children aged 12-23 months vaccinated.
While the earlier policies specifically targeted Native American populations, the lowering of the age of vaccine licensure was nonspecific. Studies in Michigan also indicated that uptake was not higher in Native American populations for those aged 12-23 months. 39 Coverage is still increasing and, in 2009, an estimated 45% of all children aged 12-23 months had at least one dose of hepatitis A vaccine in Arizona. However, full coverage requires two doses, and only 11% of children aged ,23 months have two or more doses. 40
Limitations
Using ASIIS to examine trends in vaccination had several limitations. First, it is a passive surveillance system that requires medical staff to report each vaccination event. Passive surveillance systems, including vaccine registries, can be subject to reporting biases and incomplete records. 41, 42 However, in cases where populations are mobile and do not have consistent physicians, the registry data can be more accurate than medical record review. 43 Some counties may have had lower reporting than others, which could have contributed to the apparent differences in vaccine uptake among regions. In particular, the electronic data transfer in place between ADHS and IHS may mean that vaccination records for doses administered by IHS were more complete than those entered by hand elsewhere. It is also possible that levels of reporting may change over time. A separate analysis of polio vaccinations was also conducted and demonstrated a constant, and even slightly declining, rate of immunization in three-month-olds (data not shown), indicating that reporting changes were unlikely to significantly impact our results.
Vaccine uptake may also have occurred for reasons other than the policy implementation. People may more actively seek vaccinations during or shortly after outbreaks. As the 1998 policy targeted at Maricopa County was in response to a massive outbreak associated with child care, a proportion of the uptake in vaccination may have been a result of heightened awareness of hepatitis A. However, there was a notable difference in hepatitis A vaccination uptake in Maricopa County that persisted over time and cannot be explained fully by outbreaks. Additionally, health insurance companies began covering the vaccine following the institution of the Maricopa County day care entry policy in 1998. However, this insurance coverage was implemented statewide and should not have impacted the apparent differences seen between regions, but may have impacted overall uptake of the vaccine.
Another potential difficulty in using ASIIS for coverage assessment was in examining racial/ethnic disparities in coverage. The relative vaccine coverage by race/ ethnicity was not explored due to the paucity of data; only 20% of records had a reported race/ethnicity. Adult coverage was not reported in this article, as initial analysis revealed very low coverage. The state statute requires reporting of vaccinations only for those #18 years of age. This requirement, combined with the fact that all of the policies were geared toward children, led us to focus our analyses on the population ,19 years of age. Reporting to ASIIS became mandatory in 1998, but was possible starting in 1996 during its development and implementation. Additionally, providers were able to report historical data to ASIIS, and many earlier immunizations were recorded for people in the registry dating back to 1995. While the change in reporting requirements in 1998 was a limitation to this study, as records before that time may not have been complete, it was important to include the earlier data when looking at hepatitis A vaccinations because of the policy changes prior to 1998.
In choosing a denominator, we had two options: ASIIS-generated individual counts and U.S. Census data. The problem with using ASIIS-generated individual counts as a denominator is that records are not archived, and there is not always a way to identify those who die or move out of state; also, there are duplications in records for multiple vaccines. As a result of these limitations, the ASIIS population is always higher than the Census counts show for the population. This issue has been widely debated among state registries using birth records to populate their system and has not yet been resolved. The use of U.S. Census data may, on the other hand, underestimate the true population in Arizona, especially given the rapidly growing nature of the state. These estimates likely become less accurate each year, as the last 10-year Census data become older.
The construction of the age groups based on incomplete age groupings from the U.S. Census projections was another limitation of the analysis. While it appears that our method of using the previous year's population size to estimate the number of children aged ,1 year was fairly accurate in most regions, we found a fairly large difference (approximately 5%) when comparing our estimate with the actual U.S. Census data collected in 2000 for Apache County and Navajo County.
Currently, all but one U.S. state has an immunization registry. Arizona's ASIIS was one of the first immunization systems in the country, and it is one of few that has a long enough history for analysis of hepatitis A vaccination coverage since the vaccine was licensed for use. Analyses of data generated by immunization registries should provide a good source of data for monitoring trends and the effects of policies on state and local immunization coverage.
CONCLUSION
Analysis of ASIIS data revealed a major effect of hepatitis A policy recommendations on vaccine uptake in Arizona. Targeting high-risk populations through vaccine recommendations and child care entry requirements was highly successful in achieving high vaccination coverage. Incorporation of hepatitis A vaccination into the childhood immunization schedule appears to have had an added benefit to coverage. Any state that does not currently have immunization surveillance systems could benefit from their implementation as a way to monitor trends in immunization.
